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[Document Name] Specification 

[Title of the Invention] LED drive circuit 

[Scope of Claims] 

[Claim 1] An LED drive circuit, which has a function of driving 
at least two LEDs (Light Emitting Diodes) with a constant current 
and is provided in an integrated form, characterized by comprising: 
means for periodically turning on/off at least any one of the LEDs 
at predetermined time intervals. 

[Claim 2] The LED drive circuit according to claim 1, wherein a 
frequency of turning on/off the LED in a cycle is 5 Hz or higher. 

[Claim 3] The LED drive circuit according to claim 1, wherein a 
value of the constant current with which the LEDs are driven is 
5 mA to 30 mA. 

[Claim 4] The LED drive circuit according to claim 1, wherein an 
LED turn-on/off cycle or time can be controlled by means of an 
external signal. 

[Claim 5] The LED drive circuit according to claim 1, wherein the 
LED to be turned on/off can be selected by means of an external 
signal . 

[Claim 6] The LED drive circuit according to claim 1, wherein a 
value of the constant current with which the LEDs are driven can 
be selected by means of an external signal. 

[Claim 7] The LED drive circuit according to claim 1, wherein a 
value of the constant current with which the LEDs are driven can 
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be adjusted according to temperature. 
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[Detailed Description of the Invention] 
[Technical Field to which the Invention belongs] 

The present invention relates to an LED drive circuit that 
periodically turns on/off an LED to thereby reduce power consumed 
by the LED. 
[Prior Art] 

Known as a conventional LED drive circuit is an LED circuit 
as shown in a circuit diagram of Fig. 8. That is, a power supply 
voltage VDD [V] is applied to a power supply terminal 10, and a 
constant current generator circuit 15 operates in such a manner 
that a differential voltage corresponding to a voltage difference 
between an output voltage Vref [V] of a reference voltage 11 and 
a voltage Va [V] across a resistor 13 is amplified by an error 
amplifier 12 to control a gate voltage Verr for a transistor 14 
so that Vref - Va = 0 . 

Here, an LED 19 and an LED 20 are respectively connected to 
two terminals, output terminals 1 and 2. 

If a resistance value of the resistor 13 is R13 [Q] , a current 
I = Va/R13 [A] flows through the resistor R13. The same current 
as that flowing through the resistor R13 also flows through 
transistors 14 and 16. If all of transistors 16 to 17 are identical 
in characteristics, a current mirror circuit 21 causes the same 
current as that flowing through the transistor 16 to flow through 
each of the transistors 17 and 18, thereby turning on the LEDs 19 
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and 20. 

That is, currents Ioutl and Iout2 flowing through the LEDs 
19 and 20 are represented by the following equation (1): 
[Equation 1] 

Ioutl = Iout2 = Va/R13 [A]...(l) 

Therefore, the currents caused to flow through the LEDs 19 
and 2 0 can be set to a desired current value by adjusting the value 
of the resistor 13 or the output voltage value of the reference 
voltage 11. 

If power consumed by the reference voltage circuit 11 and the 
error amplifier circuit 12 is negligibly small in comparison with 
power consumed by the LEDs, a power Pd consumed by the LED drive 
circuit shown in Fig. 8 is represented by the following equation 
(2): 

[Equation 2] 

Pd = VDD x Va/R13 x 3 [W] . . . (2) 
[Problems to be solved by the Invention] 

To reduce power consumption in the conventional LED drive 
circuit, however, it is necessary to reduce a current value of the 
LED. In this case, there arises a problem in that luminance of the 
LED decreases. 

The present invention has been made in order to solve the 
above-mentioned problem of the conventional technique, and has an 
object to reduce power consumption in an LED drive circuit while 
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maintaining visually observed luminance of LEDs at the same levels 

as conventional ones. 

[Means for solving the Problem] 

In order to solve the above-mentioned problem, according to 
the present invention, power consumption in an LED drive circuit 
is reduced by turning on LEDs in a time-division manner instead 
of continuously turning on the LEDs. 
[Embodiment Mode of the Invention] 

The present invention provides an LED drive circuit, 
including: a constant current circuit; a current mirror circuit 
connected to an output of the constant current circuit; a plurality 
of switches connected to an output of the current mirror circuit; 
LEDs each connected to the plurality of switches; and a control 
circuit for controlling the plurality of switches periodically and 
independently of each other. 

The present invention employs an LED drive method of driving 
the plurality of LEDs with a constant current at regular cycles 
and independently of each other. According to this method, it is 
possible to reduce the power consumption in the LED drive circuit 
constituted of the plurality of LEDs. 
[Embodiments] 
(First Embodiment) 

Hereinafter, embodiments of the present invention will be 
described with reference to the accompanying drawings. Fig. 1 
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shows an LED drive circuit according to a first embodiment of the 
present invention. A constant current generator circuit 15, a 
current mirror circuit 21, and LEDs 19 and 20 shown in Fig. 1 are 
the same as those in the conventional technique. 

Switches 4 and 5 are respectively inserted between 
transistors 17 and 18 in the current mirror circuit and terminals 
1 and 2 to which LEDs are connected. ON/ OFF control is performed 
on the switches 4 and 5 by means of signal voltages VI and V2 from 
a switch control circuit 3. 

Fig. 2 shows an example of the signal voltages VI and V2 from 
the switch control circuit 3. The abscissa represents time and the 
ordinate represents the voltages VI and V2 . In the example shown 
in Fig. 2, the voltages VI and V2 change complementarily to each 
other. When VI is high (hereinafter referred to as H) , V2 is low 
(hereinafter referred to as L) . If the switches 4 and 5 are turned 
ON when both VI and V2 are H, the LEDs 19 and 2 0 are alternately 
and repeatedly turned on/off. 

Here, if power consumed by the reference voltage circuit 11 
and the error amplifier circuit 12 and power consumed by the switch 
control circuit 3 during this operation are negligibly small in 
comparison with power consumed by the LEDs, a power Pd consumed 
by the LED drive circuit shown in Fig. 1 is represented by the 
following equation (3) : 
[Equation 3] 
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Pd = VDD x Va/R13 x (1 + 2 x (1/2) ) [W] . . . (3) 

The total time period during which a current is caused to flow 
through each LED is 1/2 of that in the conventional technique, so 
power consumption can be limited to 2/3 of that in the conventional 
technique (power consumption in an LED section alone is 1/2 of that 
in the conventional technique) . 

For example, in a case where LEDs are used as a backlight for 
a liquid crystal panel and turned on, the LEDs can be used while 
turned on in a time-division manner as in this embodiment instead 
of being continuously turned on in the conventional manner, thereby 
reducing power consumption and ensuring substantially the same 
display performance as the conventional technique, due to its 
persistence of vision. 

The LED 19 and LED 20 are alternately tuned on/off in Fig. 
2, but it is possible to set a period during which both the LED 
19 and LED 20 are turned on or a period during which both the LED 
19 and LED 20 are turned off. If a period during which the LED 19 
or 20 is turned off is set, power consumption can be reduced by 
a corresponding amount in comparison with the conventional one. 

As regards a cycle in turning on LEDs in a time-division manner, 
when the LEDs are turned on as a backlight for a liquid crystal 
panel, it is necessary to turn on the LEDs in the time-division 
manner at such a frequency that causes no perceptible flicker. To 
that end, it is necessary to turn on each LED in a time-division 
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manner at the frequency of 5Hz or higher. The upper limit thereof 
may be around 5 MHz . 

Further, a white-light LED may be used as a backlight for a 
liquid crystal panel. It is necessary to cause a current of 5 mA 
to 30 mA to flow through the LED in light of enhancing a light emission 
efficiency of the LED. If the LEDs are turned on in the time- 
division manner, it is possible to instantaneously supply a current 
in an amount larger than the rated current used in ordinary 
continuous energization. Thus, the luminance can be improved as 
well . 

(Second Embodiment) 

Fig. 3 shows an LED drive circuit according to a second 
embodiment of the present invention. The constant current 
generator circuit 15, the current mirror circuit 21, and the LEDs 
19 and 20 are the same as those of the conventional technique. The 
switches 4 and 5 are respectively inserted between the transistors 
17 and 18 in the current mirror circuit and the terminals 1 and 
2 to which the LEDs are connected. ON/OFF control is performed on 
the switches 4 and 5 by means of the signal voltages VI and V2 from 
the switch control circuit 6. A control terminal 7 to which a signal 
is externally supplied is connected to the switch control circuit 
6. A signal V7 from the control terminal 7 is adapted to control 
the cycle at which VI and V2 change or turn-on time. 

Fig. 4 shows an example of how to change the cycle. Fig. 4 (a) 
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shows a case where the voltage V7 on the control terminal 7 is low, 
and Fig. 4(b) shows a case where the voltage V7 on the control 
terminal 7 is high. The frequency of an internal oscillation 
circuit of the switch control circuit 6 is changed based on the 
voltage V7 on the control terminal 7 . When the voltage V7 on the 
control terminal 7 is low, the frequency of the internal oscillation 
circuit of the switch control circuit 6 is lowered, and the LED 
turn-on/off cycle is made longer. Conversely, the high voltage V7 
on the control terminal 7 makes the LED turn-on/off cycle shorter. 

In the second embodiment, the cycle at which the LEDs are 
turned on/off can be adjusted according to the size and 
characteristics of a liquid crystal panel. 

Fig. 5 shows an example of how to control the LED turn-on/off 
time on the basis of the signal supplied to the control terminal 
7 in Fig. 3. Fig. 5(a) shows a case where the voltage V7 on the 
control terminal 7 is low, and Fig. 5(b) shows a case where the 
voltage V7 on the control terminal 7 is high. The time of a 
monostable multi-vibrator in the switch control circuit 6 is 
controlled in such a manner that, when the voltage V7 on the control 
terminal 7 is low, a ratio between the turn-on time of the LED 19 
and the turn-on time of the LED 20 is an even ratio, 50% : 50%, 
while, when the voltage V7 on the control terminal 7 is high, the 
turn-on time of the LED 19 is reduced and the turn-on time of the 
LED 20 is increased. 
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In the second embodiment , the turn-on/off time ratio of the 
LEDs can be adjusted according to the size or characteristics of 
a liquid crystal panel. 

Further, Fig. 6 shows an example of how to select an LED as 
a target for turn-on/off control by means of the signal from the 
control terminal 7 in Fig. 3. Fig. 6(a) shows a case where the 
voltage V7 on the control terminal 7 is low, and Fig. 6(b) shows 
a case where the voltage V7 on the control terminal 7 is high. When 
the voltage V7 on the control terminal 7 is low, the LED 19 is 
continuously turned on, and turn-on/off control is performed on 
the LED 20. On the other hand, when the voltage V7 on the control 
terminal 7 is high, the LED 20 is continuously turned on, and 
turn-on/off control is performed on the LED 19. 

In the second embodiment, controlling the method of turning 
on/off the LED makes it possible to drive the LED for a backlight 
under a requirement of low power consumption, in accordance with 
the temperature and display speed as well as the liquid crystal 
panel . 

(Third Embodiment) 

Fig. 7 shows an LED drive circuit according to a third 
embodiment of the present invention. The circuit shown in Fig. 7 
differs from that shown in Fig. 1 in that a variable resistor 30 
is used in place of the resistor 13 in the constant current generator 
circuit 15. The variable resistor 30 changes its value according 
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to a signal voltage from the external terminal 31. It is apparent 
from the equation (1) that the values of currents flowing through 
the LED 19 and LED 2 0 can be changed by changing the value of the 
variable resistor 30. 

In Fig. 7 , the value of the variable resistor 30 is changed 
according to an external signal, but it is apparent from the equation 
(1) that the values of currents flowing through the LED 19 and LED 
2 0 can be also changed by changing the output voltage value Vref 
[V] of the reference voltage circuit 11. 

In addition, in Fig. 7 , the value of the variable resistor 

30 is controlled based on not a signal from the external terminal 

31 but an output from a temperature sensor which is provided in 
an integrated form in the LED drive circuit, thereby enabling the 
value of current caused to flow through each LED to be adjusted 
according to a characteristic of a liquid crystal which varies with 
temperature . 

While the embodiments in which the number of LEDs to be 
controlled is two have been described, it is apparent that the LED 
drive method may be used to control three or more LEDs in a similar 
manner and in a more complicated fashion. Also, the switches 4 and 
5 may be replaced with transistors each of which can function as 
a switch with ease. 

[Effect of the Invention] 

The LED drive circuit of the present invention has an effect 
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of reducing power consumption at the time of driving LEDs by turning 
on the LEDs optimally in accordance with characteristics of a liquid 
crystal . 

[Brief Description of the Drawings] 

[Fig. 1] An explanatory diagram showing an LED drive circuit 
according to a first embodiment of the present invention. 

[Fig. 2] An explanatory diagram showing switch drive voltages 
according to the first embodiment of the present invention. 

[Fig. 3] An explanatory diagram showing an LED drive circuit 
according to a second embodiment of the present invention. 

[Fig. 4] An explanatory diagram showing an example of switch 
drive voltages according to the second embodiment of the present 
invention. 

[Fig. 5] An explanatory diagram showing an example of switch 
drive voltages according to the second embodiment of the present 
invention. 

[Fig. 6] An explanatory diagram showing an example of switch 
drive voltages according to the second embodiment of the present 
invention. 

[Fig. 7] An explanatory diagram showing an LED drive circuit 
according to a third embodiment of the present invention. 

[Fig. 8] An explanatory diagram showing a conventional LED 
drive circuit. 

[Description of Reference Numerals] 
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[Document Name] Abstract 
[Summary] 

[Object] To reduce power consumption in an LED drive circuit. 
[Solving Means] An LED is turned on/off at regular time intervals. 
[Selected Drawing] Fig. 1 
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